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In view of the new (preliminary) search results for instanton-induced events at 
HERA from the HI collaboration, we present a brief discussion of (controllable) 
theoretical uncertainties, both in the event topology and the calculated rate. 



Instantons Era are a basic aspect of QCD. Being non-perturbative fluctu- 
ations of the gauge .fields, they induce hard processes absent in conventional 
perturbatioiiiheoryB. Deep-inelastic scattering (DIS) at HERA offers a unique 
opportunity 13 to discover processes induced by instantons (J/A ..through a siz- 
able rate, calculable within "instantqn-perturbation theory" nau, along with a 
characteristic final-state signatureLm Among the most important features are 
a "fireball" -like final state with a very high number of hadrons, including K- 
mesons and Lambda-hyperons, as well as a high total transverse energy. Wi 
the help of the Monte Carlo generator QCDINS for /-induced events in DIS 
the experiments at HERA are actively searching for signatures of instantons 
in the hadronic final state. 

A moxe extensive introduction to /-induced events in DIS may be found 
elsewhepp. In view of the new (preliminary) search results from the HI collab- 
oration tlJ, lct_us concentrate on a brief discussion of (controllable) theoretical 
uncertainties!!^, both in the event topology and the calculated rate. 

Our predictions for /-induced events at HERA are based on /-perturbation 
theory The validity of the latter requires instantons of small enough size 
P < Pmax along with a sufficiently large separation RJ p > (/?/p) m i n between 
them. Crucial quantitative information on (/5 max , (/?//o) m in) was obtained a 
by confronting the predictions of /-perturbation theory with the "data" from 
a recent high-quality lattice simulation (c.f. Fig. [I]). They lead us to conclude 
that /-perturbation theory is quantitatively reliable for 



P < /W = 0-35 ± 0.05 fm; R/p > (R/p) min = 1.1 ± 0.05. (1) 
Let us emphasize that the /-induced cross section cr^, RA depends strongly on 
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Figure 1: / + /-size distribution (left) and normalized //-distance distribution (right) com- 
pared to the respective predictions from /-perturbation theory (solid lines) Q. 

the lattice observables in Fig. ^ via a Fourier-type transformation. Therefore, 
it is not too surprising that these constraints may be translated in a one-to- 
one manner via a saddle-point relation (c.f. Fig. ||) into minimal cuts on the 

conjugate Bjorken variables of the i-subprocess q'g ^ (2 n./ — 1) (q, q) + n g g, 
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on which T^g RA crucially dependsi'i. The central values in Fig. |^ are part of 
the default cuts in QCDINS 2.0LJ. Note that it is very important to place the 
required cuts as close as possible to the fiducial boundary, in order to retain a 
sufficiently big event rate. 
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Figure 2: One-to-one saddle-point translation of the restrictions on the validity of I- 
perturbation theory from lattice "data" (Fig. pi Eq. (hh) into cuts on the associated 
momentum-space variables in DIS at HERA. 
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(Q'/A) min such that a^ RA =const. ; no Q 2 -cut 




<Et b >= 11.2 GeV <1-K„ ullb /E ln , b >= 0.34 (Et )st )= 5.5 GeV 
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Figure 3: Shifts of the distribution averages of observables used by HI for a "path" 
through the domain of allowed minimal cuts (Q^in/^Ms' > x min)' corres P on d m g to a constant 
/-indinppd rate (c.f. Fig. H). n^, b denotes the number of charged particles within the I- 
bandtjEI. Sph the sphericity in the rest system of the particles not associated with the current 
jet, Qj-cc the reconstructed virtuality of the quark q' entering the /-subprocess, Et^ the total 
transverse energy within the /-band, 1 — E out b/^in b the Et- weighted azimuthal isotropy 
and Etj et the transverse energy of the current jet, defined to be the jet with the largest Et 
found by the 'cone'-algorithm. 



An important issue0 is to study, how the remaining theoretical uncertain- 
ties in these minimal (Q'/A-ms j x ') cu ^ values (Eig. may affect the shape^i 
the six distributions of final state observables 13 used in the HI analysis Ii3. 
Fig. U illustrates the shifts on the averages of these (peaked) distributions for a 
"path" through the domain of allowed (Q„ lin /Aj^g, x' min ) pairs, corresponding 

to constant ^hera (c.f. Fig. ||). Notably for the Q' T g C and E% distributions, we 
observe substantial shifts of the averages ( "peaks" ) towards smaller values for 
increasing (i.e. more reliable) x' min . Note that we consider the lacking experi- 
mental reconstruction!!!] of x' not a serious problem as to the comparison with 
our predictions, since the lattice data for the //-distance distribution (Fig. [j], 
right) indicate an extremely strong suppression of /-effects for small separation 
R/p <1.1, i.e. x'<0.35. 
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Table 1: /-induced cross section for HERAErEl and its error from <5 Ar^. 





PD(M '96 


PD(M '98 


PD(M '98 


a s {M z ) 


0.113 (DIS!) 


0.119 ±0.002 


0.119 ±0.002 


[MeV] 


260+^6 


346 +31 

d ^ u -29 


346 +31 


Cuts 


Q' > 8 GeV 


-%7>> 30 - 8 

MS 


{Q l^) > 30.8 

MS 


a;' > 0.35, x Bj > 10~ 3 , 0.1 < y B j < 0.9 


ff HERA [P b l 


12 g +300 


89 ~ 15 

° y +18 


90-7.5 
zy +10 



A major uncertainty in the /-induced cross section arises from its strong 
dependence on Aj-^t. In Table ill we present our originally published value B of 

ct hera based on a s from PDG0 '96 together with its update! referring to a s 
from PDCB '98 for the default cuts used in QCDINS 2.0. 
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